
NASA Technical Memorandum 89164 

Nonlinear Shell Analyses 
of the SRB/ETA Ring Interface 

Norman F. Knight, Jr. 

July 1987 

(NASA-TM-89164) N O N L I N E A R  SHELL ANALYSiiS OF N 87- 298 8 3 THE SIiB/ETA RING INTERFACE [ N A S A )  62 p 
A v a i l :  NTIS HC AD4/HF A 0 3  CSCL 20K 

U n c l a s  
G3/39 (6098385 

National Aeronautics and 
Space Administration 

Langley Research Center 
Hampton, Virginia 23665 



. 

1 

a 
F: 
d 



> 
QL 
I- 
W 
2 
0 
W 
(3 

(3 z 
QL 
- 

2 
W 
\ 

QL 
v) 

m 

L 
0 
3 
W 
5 
QL 
W > 
0 
0 

n 
2 
4 
n 
0 
I 
I- 
W 
2 
v) 
v) 
t 

z 
0 

2 
4 

2 

3 
v) 
w 
QL 

n 
a 

2 

z 

u) 
w 
v) 
t 

2 
Q 
-I 
J 
w 
I 
v1 

QL 
4 
W 
2 
-I 
2 

z 0 
0 



3 



W 
(3 e 
CL, 
QL 
W 
I- 
1 - 
c3 
1 
QL 
- 
s 
W 
1 

QL 
m 
LL 
0 

m 

W > 
0 

4 



5 



W 
V 
L 
PL 
W 
I- 
I 

a 

- 
c3 
2 z 
a 
I- w 

E cn 
LL 
0 

\ 
cy3 

a z 
W 
a 

f 
8 
u, 

tY 
W z 

z 

D, J 

0 
rl 
L I-’ 

n 

d 
rl 

t 
N 

z 
0 - 
F 
6 t- 
VI 

n z 
W 

I- 
% 

6 



7 



2 a u 
0 v1 

1 
1 
W 
I 
v1 

v1 
V fY a 
a 

n 
z 
). 

2 
I- 
O 
K 
2 
v < 

6 
W W 

1 
W 

I- I- 
6 
.J a. 

z 
W 

r W - 
v1 
Z 0 

I- < 
6 
t 
a 

I 

O U  a 
W z 
-.I 
Z 

z 

- 
0 

a 
Q1 
I- 

W 
m 0 

-I 
Z 
0 v1 

cn 
n 

n 
v1 u z > n 1 

W a < I- a 
1 
3 

W 2 
I a 5 

W V 
t 
- x u I- % 

W 
z 

s 
V z 

1 z 
z 
v1 

z 
3 

- 
0 
v 

I- 

0 
2 
0 

I- z 
W 

I- a 

m 
a 

W 
-I 

1 

2 
W w z V 

-I 

v1 

a 
a. 
n 
0 

- 
8 W u 

0 0 0 0 0 

8 



9 



4 
W 
n 
0 v) 

n 
a 
0 
1 t 

a! 
t- 
W 
2 
2 > 
VI 

n z 
W 

I- 
3 
W z 
W 
A 
W 

W 
V t- 

I 
(3 
1 
LL 

- 
1 
a 
X 
- 
a 
n 
5 
W 
a! 
3 
v) 
v) 
W 
a! a. 
J 
6 z 
a! r z 

1 
rl 
In 

I 

;1 
v) 

t- 

t- 
z 
W 

v) 

W 
I- 
z - - 
LL 

v) z 
0 a! 

W 
I 

t 
-I z 
0 

t- a 
N 
t- 
W 

- W 
U 
u, a 

t- 
t- 0 

> 
a! 
W > 
W 

t- z 
0 
tl 

- 

W 
a! 
3 
VI 
v) 
W 
a! 
tl 

ps 
W 
I- z 
W 
1 
ps 

- 
- 

a! 
V 
v) - 
n 

v) z 4 
I- = 0 

V 
w t- 

2 
z 
W 

W 
1 
W 

2 
F: 

1 
a 
a 
a! 

- 
n s 

W 

E u 
U 

z 
u 0 

n 
W 1 

m 
ps 

n 
W z 
LL 
W 
E 
I 

- 
z - 
m 
2 
0 
V 
I 

(3 z v) d 
4 $ 

t- o 
I 1 

0 0 0 

10 



11 



a J  

W 
n 
0 

0 
Z 

a 
3 
I- 

m 

f 

I- < 
n 
J 

fY 
>" 
0 
U 

0 

12 



13 



- 
d 
I 
0 
ZT 

u z 
ar - 

2 
W 
\ 
m ar 
m 
LL 
0 
1 
W 
n 
0 
2 

W 
V 
LL 
a 

a 
I- 
W 
\ 
m ar 
m 
LL 
0 
1 
W 
n 
0 
2 
n 
W 
2 
LL 
W ar 
0 

- 

m 

5 - 

5 
t- - 
n 

u 

0 
m 

n a 
0 
1 

LL 
0 
t- u 
W 
LL 
LL 
W 
0 

1 

t- 
3 

flf m 
t- 
W 

LL 
0 
t- u 
W 
LL 
LL 
W 
0 

14 



15 



W u 
K 
W 

W sr z 

1 m 
K cn 
L 
0 
a 
W 
0 
0 
L 
W 
2 
a 
W cn 

- 
a m 

z 
0 
F 
V 
W 
VI 
VI 
VI 
0 
tY 
V 

0 
II 

0 
II 
> 
ll 
3 

0 
II 
3 
II 
tY 

3 
tY 

L 
0 

(3 z - 
K 

t- a 
w 

U 

rl 
rl 

0 

0 
a0 

U 
c 
L 

(3 
ro el 
>r 

ro * 
n 

0 

16 



17 



4 
rE 
6 w 

4 1  
w z  

W 

0 
n 
in 
W w 
A 
A 
W 
z 
in 

w 
w z 
A z 
0 
I 

a 
- 

rn cv 
0 

0 

18 



R 
0 

H 
I4 
I4 
W 

19 



W 

O n  

O L  
L W  
u +  w z  
d .- 

VI 
w 

a -  - 
n 

I I I 

----------- 1 \--- 

I I I I 
Y .. 00 (0 

0 > 
c 0 0 0 0 

20 



i 
v1 

8 
0 n 
k u 

21 



W z 
E 
- 
m 
3 

e 
0 
0 
I 

0 

I I I I 
0 
-t 

!z w "\ 

t i  \ 
P 

VI 
W 
W 
tY 
(3 
W 
n 
6 

0 
I- 
6 
W 
0 
-I 

z 
- 

< - 
I- z 
W 
tY 
w 
LL z 
3 
W 
tY 
W 
- 

22 



23 



d 
W 
n 
0 z 
W z 
A 
W 
v) 

- 
a m 
LL 
0 
v) 
W z 
I- 

'F 
0 w 
W 
n 
W 
F z 
0 
LL w 

W 

n 

u z 

u) 

24 

bL 
6 
ul z 
J 
c 



25 



5 
W z 
-I 
I 
I 

I 
I 

- 

6 

1 

S q  I ' 3  3 a 0 3  1 V I l N  3 3 N V l  W fl I t l8 I1 

cn 
Q) 
Q) 

m 
a, 
73 

L 

<- 
I- 
W 
I 
t- 

26 



P4 
0 
k 

J 
h 

27 



0 

I I I I C 0  

- 
0 

L I -  

0 0 0 

Z 

28 

0 0-  



cd 
;ij 
d 

29 



W 
U 
LL 
a 

> 
tY 

L 

F 
V 
W 
u) 

u) 

tY 
U 

$ 

W z 

n 
w 
C 

i 
Q) 

Q) 
- 
L 
Q) n 
0 w 
v 

CI c 
i 
Q) 

Q) 

rl 
rl 
t 

* 
u 

< 

0 

cy 
b 
ui 

t 

30 



31 



A 
W 
n 
0 

2 w 
E -  
- 

W 
n 

32 



1 
B 
k 
0 

33 



z 
w 
c3 z 
I- 
a 

a 
W z 
-J 

I 
Q 
I 
I 

- 
I 

I 

0 0 0 + + 
s1 - 2 s1 0 

x 
c 

x 2 z N 

+0 0 0 0 0 + 0 

- 0 s1 s1 s1 7 

x x x x x 
c CU n * In 
I I I I I 

34 



W 

0 
s 

35 



m z 
0 
F 
5 

c 
'k 
n 

m 
W 
4 e 

m 
BL 
0 
LL 

z 
0 z 

E 
6 

I 

lY 
6 w z 

36 



37 



W 
v) z 
0 e cn w 
PL 
A a 
W 
I 
v) 

I 
0 
v) 
7 
0 
i= 
P 
7 
0 
U * 
PL 

I 
x 
0 m 

0 
I- 
U 
W 
LL 
LL 
W 

a n 

LL 

h > 
-I 

5 
W 
fY 
3 
VI 
VI 
W 
fY a 
< 
t! 
2 
fY 

2 

ul 
Q 
0 
0 
0 
rl 
U 

0 0 
II II 

- 3  vll-l- 
fY ar 
II O II 
> 11 3 
h > a r  

t t  
I 

0 
I I  

38 



w 
0 a 
E 

2 
0 

k 
0 
El u w 
k 
k w 

39 



W 
m 
7 
0 e 
m 
W 
01 
a 
W 
I 
m 
7 
0 
n a 

n 

m z 
0 
U 
LL 
0 
I- 
U 
W 
LL 
u, 
W 

0 a 

W 
I 
m 

0 

I I i / 

40 



n 
4 
0 
t4 

8 

41 



I- z 
W 
m z 
PL 
I- 
rn 

- 
a 

n a 
0 
I 

UD 
UD 
0 
I- 
UD 
I 

PL e 
LL 

0 

w 

0 
3 
5 
W 

PL 
W > 
0 

42 



E 
4 
0 
I4 
k 
k 
0 
h 

43 



0 
0 
0 
4 

0 

44 



WJ 

9 
f u 

45 



m n a 
0 I 

I 

LLI 

. 
0 
v, 
0 u 

< 
I 

Et 
8 

'rs 
v, 

L G 
+ + 

I I  

s 
I I  

r" 
+- 

46 



. 

47 



c 0 Q 0 
I 

z U 
W n 

48 



49 



m 

0 
n a 
mJ 

m 

e -  
m &  

z e  0, 

& e 
W I  x c  
m 
u m  
LL a 
W z 
D 

mJ 
I 
0 
1 

F; cn 
n 
W 
I- u 
W 
& 
W cn 
ps 
0 
u, 

E a 
2 
E 
m m 

2 
ul 

50 



. 

51 



W ar .- 
VI 3 

VI 
VI 
W ar 
n I- - 

n 
5 u W 

W 

6 

5 

< 

LL 

(3 z - 
W 
I 
VI 

F z 
W 
W 

VI 
t ar 0 

I- W > 
F 

a n J 
4 VI z n W 

VI 

5 
n 
VI 
W ar 

z 
3 
0 
m 

- 
n 
6 

cr 
W 
I- 

W 
E 

0 

VI z a n W 
VI z 
t 
J 

I- 
n a z 

0 u 
t 
5 
5 
n 

W 
W 
VI 
W 

VI 
W u 
3 

0 
I- z 

0 
I- u 
W 
J u. 
W 

- 

n 

I- z 
W ar 
W 
LL 
LL 
n 

n 
W ar 

W > 
F 0 

VI z 
W 
VI 
W 
VI 

J 
-I 
W 
I 
VI 

lY 
W 
a 
z J 

J 
W 
I 
VI 
VI z 
W 
LL 
LL 

VI 
F 

W 
VI z 
0 
n 
VI 
W 
E 

z 
0 
W u z 
W 
3 
J 
LL z 

I- z 
W ar 
W 
LL 
LL - 
n 
t 

z 
u 
LL 
z 
(3 
VI 

t 
a - 
- 
- 

t 

I 
(3 
J 
VI 
VI 

t 
- 

5 

E 

F 
m 
3 

VI 
n 

5 

5 
W z 
J 
- 

z 

z n 
a 

5 

5 
W z 
J 
- 

z 

5 
n 
VI J 

J 
W 
I 
VI 

5 

5 
W z 
J 
- 

z 

VI n a 
0 
J 

w ar 
J 
J 
W 
I 
VI 

W 
U 

I- 
T 

ar 
LL 
0 I- 

3 

E 
VI 

W 
0 

I- 

(3 
J 
VI 

2 %  
z 
0 

5 
W 

ar 
W 
a 5 

W z 
J 

0 

- z z 
J 

0 

- z a - 
J 

0 0 

52 



53 



L .a. 

c *u 

. -  

u w u u 
Y 
4 
9 

0. 

CI + 

P 

.. u 
4 c 

54 



F a r: 
6 
w 4 

w 
n 
0 hl 

CI 
e3 
m Lo 

d 
*r( 
Y 

d 
al 

s 
v1 



n 

9 
9 
9 
9 

9 
9 

9 

0 

0 

0 

0 
8 
4 

n 

0 
t- 
CI 

il 
Y s 
* 
n 

0 
t- co 
u) 

(0 
t- 
(Y 

\ 
n 
0 

u) 
I 

OD 

W 

9 

9 

n 
Ln 

0 
t- 
CI 

il 
W s 
n 

(0 
IC 
CI 
I 

m 
OD 
CI 

\ 
n 
OD 
0 

u! 

W 

7 
d 
m 

n 

m 
OD 
(Y 

il 
W z 
4 
* 
n 

m 
OD co 
Lo 

t- 
OD 
(Y 

\ 
n 
d 
m 
m 

I 
0 
CI 

Y 

Y 

n 

t- 
OD 
CI 

u! 

il 
Y s 

W s 

* 
n 

t- 
OD co 
I 

(Y 

‘9 

\ 
n 
0 

co 
I 

La 
CI 

1 

n 
4 s 
il 
U s 
3 
n 
d 

0 
d 
u) Y 

\ 
n 

2 

1 
m 
(Y 

n 

Lo 
Lo 
PI 

!i 
U s 
* 
n 

Lo 
Lo 
PI 

PI 
0 
PI 

\ 
n 
PI 

CI 
I 
0 

U 

1 

c: 

0 c 
0 
0 0 0 0  u u o  

nn 

m t - u  
?u!s 

!! 

222 

u!?? 

u W u  

. . .  

. . .  

n co 
0 

2 
c 
W 

%i 
3 
R 

9 
rn 
V 
H 

m 
5 
B 
rn 

c w 

5 
B 0 

cl 
d H  
+ v  

!Mi 
uvu sss H 

II ‘ m  
V 
H 

o w  s w  
U V U  

o g  s: 
d U U U  

n 

9 
9 

9 
9 

0 

0 

0 0 0 0 0 0  
04Cc1m,dln  
- d e 4 4 4  

0 0 0 0 0 0  
cccl-cl- 
0 0 0 0 0 0  
O u W u W W  

hhh 
OD 
t- 
m 

4 + 
u) 
(0 
OD 

( Y d  

? 

?n 

9 
0 

0 

n 
n O  
C I .  

2; 
.c 

rn 
rn 
0 

H 
E! 

v r -  w 
5 

56 



0 0 0 0 0 0 0 0  rrrrrrrr 
0 0 0 0 0 0 0 0  uuuuouuu 

n n 
4 

ID 
Lo 
? 
9 

U s s  Y 

i i 
n n 
4 

Lo 
Lo 3 c1 

c1 
0 4 
c1 Y la 

Y 
\ \ 

0 

n n 
c1 2 c1 

n 

c1 

A 
!!I 
W s 
i 
n 

c1 

A 
2 
2 
2 
? 

c1 
U 

0 

n 

0 
b 
c1 

'4 

!!I 
Y s 
i 
n 

0 
b 
c1 
I 

(3 
OD 
c1 
\ 
n 
OD 

L9 

Y 

9 

n 

m 
W 
c1 

!!I 
Y 5 
i 
n 

(3 
OD 
c1 
I 

Lo 

b 
OD 
c1 
U 

2 
? 
4 

m 

8 
4 



s 
n 
d . 

N 8 
8 8 

x 
E 

5 

!$ 
m 

d a 
U 

b 

E 

z H 

c. a 
0 u 

0 

2 z 
W 

4 
R 

R 

R 

CI m 

rl 
tn 

\ 

E 
\ a 

H 0 

u 

# 
M. w a a 

X 

B 
rl 3: 

8 H 
u d u u u  

c H 

8 a 

58 



4 

A <  
m 
n * 
m 
OD 

0 
c! 

? 

? 

0 

0 

Q 

d 

m 
w * 
m 
2 
0 

? 

? 

0 

0 
m o  
I +  

H W  
* O  

m 
n * 
c( s: 
0 

? 

0 
i o  

*! 

0 

0 

m 
w +  3 

9 
h 

cl u 

4 
I 
X * 
rl 

4 

0 

0 

1IJ 
El s 
P 
0 

El 

4 4 4 4 4 4 4 4 4  

********* 
uuuuuuuuu 1 1 1 1 1 1 l 1 1  

4 4 4 4 4  

* 4 4 * 4 4 * * * Y 

59 



F i -  

it 
it 

d 

::: 
= E  
* g  
: g  
: 2  it * 

z 
V 

* w  

2 
A 

it 

it 

it 

it 

it 

it 

it 

it 

v u  

it 

it n 
t-4 
r 

W F . 

9 n 
cl 

4 a cat 

m a 
0 
n 
r 
n 
8 n 
3 n 

m 
I 
0 4  
* I  
. d  

O* 

cl * 
0 
w 

d 
0 

m 
0 

d 

L 4 d  

a *  

U r n b i m  
9 p l o  

I L I )  

0 
Z 8  

cc 
-d 

d d  LI) 

X * 
1 m  d 

40-4 
0 
0 

d d d  

d 
d 

‘ 0 6  u u u w  uuuuLD0 

W u 

d 
R 

4 L 
cl 
cl w 
X 
m 
r 
2 w 

E 
d 

m a a 
n 

d 

m 
0 
P E 

d 
E 
d 

g 
P w  0 I 

9 
* 4  

.pl 
0 1  
3 

0 0  
.* 

I 
3 *2 
O:,  * 
0 0  
. .  

E 
d 

m m  
X 
0 

r 
4 
2 

5 

X 
0 

r 
4 
2 

m s 
0 

0 

E 
R 

n c 

5 5 8 8  
0 0  m - 4  

n 
d 
cl 

8 8  
825: c 

8 n 
cl 
0 
X 

dpl pld pldpl-4 
I I I I  w w w w  **** 

pld 
I I  w w  
,** 

pldpld 
I I I I  w w w w  ***a 

pld 
I I  w w  .* * 3 m 

\ r w 

4 L 
I I I I I  

w w w w w  ****o 

.. 

A A  
, *  * A A A  *** 

I I  
M M  ** 

O b  

0 
d 

pld 

d 

Lo 
P - .  

O O  
0 

- 0  
d 

0 .  
0 
0 

“0, 
d 

4, 
0 

0 
d d  

0 0 0  
0 0 0  mu)* )  

d 
In 

0 

d 
d d  

dcT 
d d  

‘ 9 ‘ 9  
0-404 

cl 
4 w 

d 

‘9 
O M  e 

Lr. 

. . .  
0 0 0  

d d d  
c 1 m  
dpld u 



x x  
0 0  
H H  k w  

3 3  
nn nn . 

s 

l o b o  
* N  

HU 
x a  

* * * *  m 

QD a 
* 
u! 
0 

m 
U * 
d 

EX 
x a  
HI4 

0 0  a 4 4  a a a  
* * *  
‘9’0‘4 
0 0 0  

m m m  
I l l  
UUU *** 

4 

E 

E 
8 

H 
0 
H 

a 
V 
Y 

n 
Lo 



. Report No. 

NASA TM-89164 

1. Authods) 

2. Government Accession No. 

Norman F. Knight,  J r .  

3. Petforming Organization Name and Address 

NASA Langley Research Center 
Hampton, VA 23665-5225 

2. Sponsoring Agency Name and Address 

Nat ional  Aeronautics and Space Admin is t ra t ion  
Washington, DC 20546-0001 

5. Supplementary Notes 

3. Recipient's Catalog No. 

5. Report Date 

J u l y  1987 
6. Performing Organization Code 

8. Performing Organization Report No. 

IO. Work Unit No. 
554- 14-21- 50 

11. Contract or Grant No. 

13. Type of Report and Period Covered 

Technical Memorandum 

14. Sponsoring Agency Code 

6. Abstract 

Two-dimensional s h e l l  models o f  the  p o r t i o n  o f  t he  s o l i d  rocke t  booster  (SRB) 
w i t h  the  ex terna l  tank attachment (ETA) r i n g  have been developed us ing  the  
STAGSC-1 computer code. 
the  SRB r e c e r t i f i c a t i o n  program underway a t  t he  NASA Marshal l  Space F l i g h t  
Center 
d e f l e c t i o n  d i s t r i b u t i o n s  f o r  the  SRB/ETA r i n g  i n t e r f a c e .  
SRB/ETA r i n g  geometry i s  presented fo l l owed  by a d iscuss ion o f  t h e  ana lys i s  
methods and f i n i t e  element models. 
of t he  SRB/ETA r i n g  i n t e r f a c e  i s  discussed. 

These analyses have been performed i n  support  of 

The purpose o f  these analyses i s  t o  c a l c u l a t e  the  o v e r a l l  s t ress  and 
An overview o f  t h e  

F i n a l l y ,  t h e  non l inear  s t r u c t u r a l  response 

17. Key Words (Suggested by Authods)) 

Sol i d  Rocket Booster 
External  Tank Attachment Ring 
Space S h u t t l e  
S t r u c t u r a l  Analysis 
STAGS 

19. Securitv Classif. (of this report) 120. Security Classif. (of 

Uncl ass i  f i e d  1 U n c l a s s i f i e d  

18. Distribution Statement 

Unc lass i f i ed  - Un l im i ted  

Subject  Category 39 

s page) 21. No. of pages 22. Price 2 
I I 1 

NASA FORM 1626 OCT 86 


